Abstract." We used flow cytometry to compare the effects of whole cells and capsular polysaccharides of Klebsiella pneumoniae on the phagocytic ability ot polymorphonuclear leukocytes. Our results showed a light descrease in phagocytic activity in the presence of capsular polysaccharides, but a marked decrease with whole cells. Our findings suggest that the resistance to phagocytosis in these microorganisms is not due exclusively to their capsule, as claimed by other authors.
Introduction
In both the presence and absence of opsonins most bacterial species are readily ingested by circulating granulocytes. Phagocytosis has long been recognized as a fundamental function of the immune system. Phagocytes are involved in the defense against bacterial colonization and infection [1] . They not only engulf and kill pathogenic microorganisms, but also play an important role in the host immune responses as they are involved in the processing and presentation of many Correspondence to; C. Ruiz, Dpto. Bioqu(mica y Biologia Molecular, Facultad de Medicina, Universidad de Granada, E-18012, Granada, Spain. antigens to lymphocytes, and in the release of potent immunomodulators.
Many lines of evidence indicate that the capsular polysaccharides of some encapsulated bacteria are essential for the invasive properties of these microorganisms [2, 3] . Several authors have shown that phagocytosis of encapsulated microorganisms is inversely proportional to capsule size [4, 5] .
Klebsiella species are predominantly encapsulated organisms [6] , and their capsular antigens have been implicated as important virulence factors in the pathogenesis of Klebsiella infection. The extensive polysaccharide matrix surrounding the cells is involved in adhesion, nutrient uptake and resistance to host defenses [7] . Williams et al. [8] , who studied the sensitivity of Klebsiella strains to phagocytosis in nonimmune whole blood, were unable to distinguish the factors that influenced ingestion by phagocytes. However, Stendahl [9] showed that the hydrophobicity ot the bacterial cell surface facilitates attachment to phagocytes.
We report the effects of K. pneumoniae ATCC 13883 capsular polysaccharide, and of whole cells, on the phagocytic activity of polymorphonuclear leukocytes (PMNL).
Materials and Methods

Bacterium and culture medium
The bacterium employed in these studies was K. pneumoniae ATCC 13883. Composition of the medium used for culture was as follows: peptone (1%); NaC1 (0.5%); yeast extract (0.5%); lactose (1%) and glucose (0.1%); pH 7.6.
The microorganisms were cultured at 37°C with continuous shaking.
Polysaccharide isolation
Capsular polysaccharide (CP) was prepared by ethanol precipitation from broth culture filtrates as described by Small et al. [10] . Cultured cells in the stationary phase were harvested by centrifugation at 10 000 x g for 30 min at 4°C.
The supernatant was passed through 0.45 /xm membrane filters, and then reduced by rotatory evaporation at 35-40°C at 20-40 mmHg. The concentrate was dialyzed overnight at 4°C against 10 volumes of deionized water. After dialysis, 10% (w/v) sodium acetate and 1% (v/v) glacial acetic acid were added to the supernatant. Capsular polysaccharide was precipitated at 4°C by the dropwise addition of 2.5 volumes of 95% ethanol over approximately 24 h with constant stirring.
The CP precipitate was removed by centrifugation, redissolved in distilled water, dialyzed for 2 days against several changes of deionized water to remove acetate, lyophilized and stored under vacuum.
Isolation and enrichment of PMNL
Citrated venous blood was obtained from healthy volunteers and mixed (1:1) with phosphate buffered salts (PBS). The PMNL fraction was isolated by Percoll gradient centrifugation. The cells of the interface were collected, washed three times and adjusted to a final concentration of 5.105 cells/ml.
Phagocytosis assay
The phagocytosis of uniform fluorescent latex particles by PMNL in the presence of a suspension of K. pneumoniae or a solution of CP was measured by flow cytometric methods, using the phagocytosis protocol of the Ortho Cytoron laser flow cytometry system: to 100 /xl of a suspension of PMNL and 100 /xl of assay sample we added 200/xl of target particles (green flourescent latex spheres measuring 1.86 /xm in diameter, diluted to a final ratio of 50 beads/cell) suspended in glucose medium (sodium chloride 0.59% w/v, anhydrous sodium acetate 0.25% w/v, potassium chloride 0.03% w/v, calcium chloride 0.04% w/v, magnesium chloride 0.02% w/v, glucose 0.13% w/v). The mixture was immediately incubated with gentle shaking at 37°C in a water bath for 30 min. After incubation, the samples were lysed for 5 min by adding 2 ml NH3CI. After lysis the samples were analyzed in an Ortho Cytoron laser flow cytometer.
Presentation of data
Due to variability in control samples from different volunteers, the results are given as a phagocytic activity index, calculated with the formula: sample × 100/control.
All experiments were carried out at least six times.
Results and Discussion
Particle ingestion is a regulated function of professional phagocytes (monocytes, macrophages and neutrophils). The increased virulence of encapsulated bacteria such as Klebsiella is thought to be due to the ability of the capsule to protect the bacteria from serum factors and phagocytosis by PMNL [11] . The effects of different concentrations of CP on phagocytosis of latex by PMNL are shown in Fig. 1 . Higher concentrations were asso- ciated with a decrease in phagocytic capacity, although this effect was not consistent. The surface hydrophobicity of /( pneumoniae species is influenced by the presence of capsular and lipopolysaccharide antigen; increased surface hydrophobicity is translated as decreased susceptibility to phagocytosis [12] . The initial stage of phagocytosis is a surface phenomenon that can be described in physicochemical terms [9] . There is a significant correlation between differences in interfacial free energy and the capacity of phagocytes to engulf microorganisms, other cells, or inert particles, Many substances influence the interracial tension of phagocytes and particle, and subsequent phagocytosis [13] . In relation with our results, the polysaccharide may have altered phagocytic capacity by modifying the interstitial tension. This notion is supported by the finding that hyperglycemic concentrations of glucose diminish phagocytic activity and PMNL adhesiveness in vitro. The surface potential appears sufficient to prevent contact with other cells or with other negatively charged surfaces, so that hydrophobic-hydrophilic interactions cannot take place [13] ; this would account for the effect of polysaccharides on phagocytotic capacity.
Whole cell suspensions of Ki pneumoniae markedly decreased phagocytosis (Fig. 2) . In comparison with the polysaccharide, the effect of whole ceils was more marked. These results may be explainable by the presence of another component associated to CP and involved in antiphagocytic ability. Possible candidates for this component include K antigen and other cell surface molecules that make up the cell envelope. Williams et al. [8] emphasized the role of both O and K antigens in determining the resistence of K. pneumoniae to phagocytosis. In this connection, Simoons-Smit et al. [14] suggested that other virulence factors were sometimes involved. Studies by Mizuta et al. [15] and Straus et al. [16] have shown that something other than cell-associated capsular material may play a role in the virulence of K pneumoniae. Our results support this conclusion, and point toward flow cytometry as a possible source of additional data which could be of interest in analyzing interactions between phagocytosing agents and targets of phagocytosis.
